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Abstract: To evaluated how rearing programmes could affected resources allocation and
reproductive performance of primiparous rabbit females, a total of 118 rabbit females
were used to evaluate the effects of five rearing feeding programmes on their
performance from first to second parturition: CAL, fed ad libitum C diet (11.0 MJ
digestible energy (DE), 114 g digestible protein (DP) and 358 g neutral detergent fibre
(NDF)/kg DM) until first parturition; CR, fed ad libitum with C diet until 12 weeks of age
and then C diet restricted (140 g/day) until first parturition; F, fed ad libitum with F diet
(8.7 MJ DE, 88 g DP and 476 NDF/kg DM) until first parturition; FC, fed with F diet ad
libitum until 16 weeks of age, and C diet ad libitum until first parturition; FCF, fed with F
diet ad libitum until 16 weeks of age, then C diet ad libitum until 20 weeks and then F
diet ad libitum until first parturition. From first parturition, C diet was ad libitum offered
to all the experimental groups until second parturition. CAL females presented lower
feed intake than females of F, FC and FCF groups in the first week of lactation (on av.
−16.6%; P<0.05). During first lactation, the perirenal fat thickness change in CAL
females was not different from zero (+0.02 mm), while in the other four groups it
increased (on av. +0.44 mm; P<0.05). Plasma of females fed with F diet during rearing
(F, FC and FCF) had lower non-esterified fatty acids content than those exclusively fed
with C diet (–0.088 and –0.072 mmol/L compared to CAL and CR, respectively;
P<0.05). FCF litters had higher weight than F litters at day 21 of lactation (+247 g;
P<0.05), but FCF litter had significantly lower weight than FC litters at weaning (+170
g; P<0.05). CR females had the shortest average interval between the first and second
parturition (49 days) and FCF females the longest (+ 9 days compared to CR; P<0.05).
At second parturition, liveborn litters of F females were larger and heavier than litters of
FCF females (+2.22 kits and +138 g; P<0.05), probably due to the lower mortality at
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birth of F litters (–16.5 percentage points; P<0.05). In conclusion, rearing females on
fibrous diets seems to increase the ability of primiparous rabbit females to obtain
resources, especially at the onset of lactation.
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Abstract 17 
To evaluated how rearing programmes could affected resources allocation and 18 
reproductive performance of primiparous rabbit females, aA total of 118 rabbit 19 
females were used to evaluate the effects of five rearing feeding programmes on 20 
their performance from first to second parturition: CAL, fed ad libitum C diet (11.0 21 
MJ digestible energy (DE),  and 114 g digestible protein (DP) and 358 g neutral 22 
detergent fibre (NDF)/kg DM) until first parturition; CR, fed ad libitum with C diet 23 






fed ad libitum with F diet (8.7 MJ DE,  and 88 g DP and 476 NDF/kg DM) until first 25 
parturition; FC, fed with F diet ad libitum until 16 weeks of age, and C diet ad 26 
libitum until first parturition; FCF, fed with F diet ad libitum until 16 weeks of age, 27 
then C diet ad libitum until 20 weeks and then F diet ad libitum until first parturition. 28 
From first parturition, C diet was ad libitum offered to all the experimental groups 29 
until second parturition. CAL females presented significantly lower feed intake than 30 
females of F, FC and FCF groups in the first week of lactation (on av. 16.6%; 31 
P<0.05). During first lactation, the perirenal fat thickness change in CAL females 32 
was not significantly different from zero (+0.02 mm), while in the other four groups 33 
it increased (on av. +0.44 mm; P<0.05). Plasma of females fed with F diet during 34 
rearing (F, FC and FCF) had lower non-esterified fatty acids content than those 35 
exclusively fed with C diet (–0.088 and –0.072 mmol/L compared to CAL and CR, 36 
respectively; P<0.05). FCF litters had significantly higher weight than F litters at 37 
day 21 of lactation (+247 g; P<0.05), but FCF litter had significantly lower weight 38 
than FC litters at weaning (+170 g; P<0.05). CR females had the shortest average 39 
interval between the first and second parturition (49 days) and FCF females the 40 
longest (+ 9 days compared to CR; P<0.05). At second parturition, liveborn litters 41 
of F females were significantly larger and heavier than litters of FCF females 42 
(+2.22 kits and +138 g; P<0.05), probably due to the lower mortality at birth of F 43 
litters (–16.5 percentage points; P<0.05). In conclusion, rearing females on fibrous 44 
diets seems to increase the ability of primiparous rabbit females to obtain 45 
resources, especially at the onset of lactation. 46 
 47 
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Obtaining well-developed rabbit females that produce a large number of healthy 54 
and marketable litters per mating over several parities is still one of the main 55 
priorities in rabbit production. This objective not only involves the use of suitable 56 
management programmes during reproduction, but also appropriate management 57 
of nutrition during pre- and post-pubertal growth to ensure adequate development 58 
of the future reproductive female. In this sense, the design of rearing programmes 59 
that consider the young rabbit female’s nutritional requirements and priorities, while 60 
“training” their future ability to obtain and manage the available resources, is 61 
expected to help farmers achieve their reproductive objective. 62 
 63 
Introduction 64 
In a previous work (Martínez-Paredes et al., 2012), we were able to confirm that 65 
the ad libitum use of energetic reproduction diets during rearing had negative 66 
effects on young rabbit females until first parturition, such as higher risk of 67 
digestive troubles (Rommers et al., 2004) and gestational toxaemia (Viudes-de-68 
Castro et al., 1991 and Rosell, 2000), smaller litter size at first parturition, probably 69 
due to a misuse of the available resources (both feed and body reserves), and 70 
inappropriate physiological development.  71 
 4 
On the other hand, we verified that alternatives, such as restriction and some 72 
programmes based on high-fibre diets, allowed them to reach an adequate degree 73 
of maturity, without prejudice to the rabbit female or the first litter, when an 74 
adequate flushing was applied around first artificial insemination (AI), as well as a 75 
greater uptake of resources during pregnancy (Pascual et al., 2002 and Manal et 76 
al., 2010). However, these improvements would have less impact if the benefits do 77 
not remain in the medium and long term, improving the further reproductive 78 
performance of rabbit females (feed intake, milk yield, litter size, survival...). 79 
Nonetheless, the number of works that have attempted to elucidate the effects of 80 
the restriction or use of fibrous diets on subsequent reproductive performance are 81 
few and present variable results. Rebollar et al. (2011) did not register 82 
improvements in feed intake during the first lactation when young rabbit females 83 
were restricted during rearing. Other works also failed to show improvements in the 84 
feed intake of primiparous lactating females when fibrous diets were used during 85 
rearing (Quevedo et al., 2005; Verdelhan et al., 2005; Rebollar et al., 2011). 86 
However, another of these works did report an improvement in feed intake 87 
capacity, which was addressed to recovery of reserves (Xiccato el al., 1999) or to 88 
milk yield promotion (Pascual et al., 2002). In the long term, some works (Nizza et 89 
al. 1997; Martínez-Paredes et al., 2018) have observed slight improvements in 90 
litter performance at birth or during lactation in females reared on a fibrous diet. 91 
For a better understanding of the consequences that these rearing feeding 92 
programmes can have on the future reproductive capacity of our rabbit females, it 93 
is essential to assess the changes entailed by their implementation on the ability to 94 
obtain resources and their partition among the different vital functions of the 95 
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females. To this end, the aim of the present work was to evaluate how five different 96 
feeding rearing programmes used in a previous work (Martínez-Paredes et al., 97 
2012) could have affected resources allocation and reproductive performance of 98 
rabbit females from first to second parturition. 99 
  100 
Material and methods 101 
Composition of experimental diets 102 
Two experimental diets were formulated and pelleted. A control diet (C), similar to 103 
a commercial diet for reproductive rabbit does [11.0 MJ digestible energy (DE), 114 104 
g digestible protein (DP) and 358 g neutral detergent fibre (NDF)/kg dry matter 105 
(DM)], was formulated following the main nutritional recommendations of De Blas 106 
and Mateos (2010). In addition, a low-energy high-fibre diet (F) was also 107 
formulated (8.7 MJ DE, 88 g DP and 476 g NDF/kg DM). Details of ingredients and 108 
chemical composition of both diets can be seen in Martínez-Paredes et al. (2012) 109 
and in supplementary Table S1. Methods for chemical analysis and in vivo 110 
determination of DE and DP of both diets can be consulted in Martínez-Paredes et 111 
al. (2012).  112 
 113 
Animals and experimental procedure 114 
In the present work, 118 rabbit females (line A of the Universitat Politècnica de 115 
València; UPV), which achieved the first parturition in a previous work (Martínez-116 
Paredes et al., 2012), were controlled from first to second parturition. In this 117 
previous work, 190 young rabbit females were subjected to five different feeding 118 








was fed C diet ad libitum until first parturition; CR group was fed C diet ad libitum 120 
until 12 weeks of age and then 140 g/day until first parturition, with a 7-day ad 121 
libitum flushing period around the first AI; F group was fed F diet ad libitum until 122 
first parturition; FC group was fed F diet until 16 weeks of age and then C diet until 123 
first parturition, both ad libitum; and FCF group was fed F diet until 16 weeks of 124 
age, then C diet until 11 days of pregnancy, and finally F diet until first parturition, 125 
all of them ad libitum. Animals were housed in a traditional building under 126 
controlled environmental conditions, with light alternating in a cycle of 16 h light 127 
and 8 h dark. For more details of management and results with the different 128 
feeding programmes throughout the rearing period, see Martínez-Paredes et al. 129 
(2012). 130 
At first parturition, litters were standardised to nine kits and all groups were ad 131 
libitum fed on C diet until second parturition. Rabbit females were AI at 11 days 132 
after the first parturition and successive AIs were carried out every 21 days, as 133 
necessary. Ar tificial insemination I was performed using polyspermic semen (line 134 
R of UPV), supplying gonadotropin-releasing hormone (GnRH) hormone by 135 
intramuscular injection. Pregnancy was tested by manual palpation at 11 days after 136 
AI. Litter was weaned at 28 days of age. At the 28th day of pregnancy, a nest 137 
equipped for the litter was provided.  138 
The traits measured for all females were body weight and feed intake, weekly 139 
during the first lactation and at second parturition, as well as perirenal fat thickness 140 
(PFT) by ultrasound at first parturition, AI, weaning and second parturition. Daily 141 
milk production was measured using the weight(doe)-suckle-weight(doe) method. 142 




parturition to 21 days of age. From this moment to weaning, litters were housed in 144 
a cage close to their mother to control milk production of the female and litter feed 145 
consumption of the litter. Two milk samples were collected on days 4 and 21 of the 146 
first lactation from 12 rabbit females per group, following the methodology 147 
described by Pascual et al. (1999). Litter size and weight were controlled at first 148 
parturition after standardisation and weekly until first weaning. Mortality was 149 
recorded daily. The interval from first to second parturition of rabbit females and 150 
the total and live size and weight of litters at second parturition were recorded. 151 
From the same 12 rabbit females per group, blood samples were collected at first 152 
parturition, AI, weaning and second parturition. On sampling day, feeders were 153 
closed at 0700 h and blood samples were taken from the central ear artery into 154 
ethylenediaminetetra-acetic acid (EDTA) -containing tubes from 1100 to 1300 h. 155 
Blood samples were centrifuged immediately after sampling   (3 000 g, 4ºC and 10 156 
min) and plasma was stored at -20ºC before being assayed for insulin, glucose, 157 
non-esterified fatty acids (NEFA), leptin, cortisol and tri-iodothyroxine (T3) 158 
concentrations. 159 
 160 
Ultrasound measurements 161 
The PFT of females was measured to evaluate body condition, as described by 162 
Pascual et al. (2000 and 2004). Images were obtained with an ultrasound unit 163 
(JustVision 200 ‘SSA-320A’ real-time machine; Toshiba) equipped with image 164 
analyser software to determine distancesthickness measurements.  165 
 166 





Plasma insulin concentrations were determined by the double antibody/ 168 
polyethylene glycol PEG technique using porcine insulin radioimmunoassay (RIA) 169 
kit (Linco Research Inc., St Charles, MO, USA). The antiserum was guinea pig 170 
anti-porcine insulin, while both labelled antigen and standards used purified 171 
recombinant human insulin. Glucose was analysed by the glucose oxidase method 172 
using the Glucose Infinity kit from Sigma (Sigma Diagnostic Inc., St. Louis, MO, 173 
USA). NEFA concentrations were analysed using enzymatic colorimetric assay 174 
from Wako (Wako Chemicals GmbH, Neuss, Germany) as previously reported 175 
(Brecchia et al., 2006). Leptin concentrations were determined by double antibody 176 
RIA using the multi-species leptin kit (Linco Research Inc.) as previously reported 177 
(Brecchia et al. 2006).  Plasma cortisol was assayed by RIA, using the CORT kit 178 
(ICN Biomedicals Inc., Costa Mesa, CA, USA). CORT assay sensitivity was 0.15 179 
ng/mL.  Finally, total T3 was assayed by RIA according to the procedure provided 180 
by the manufacturer (Immunotech, Marseille, France). The assay sensitivity was 181 
0.13 ng/mL, and the major analogues of T3 did not interfere with the assay. 182 
Dilution and recovery tests performed on insulin, leptin, T3 and corticosterone 183 
using five different samples of rabbit plasma showed linearity.  184 
 185 
Milk chemical composition 186 
Milk samples were analysed for total solids, ash, protein and energy. Total solids 187 
and ash contents of milk were obtained using the Association of Official Analytical 188 
Chemist (AOAC) (1999) methods (1999). Milk protein content was calculated by 189 





Lacterie, 1993). Adiabatic bomb calorimetry method was used to determine the 191 
energy content of lyophilised milk.  192 
 193 
Statistical analysis 194 
The model used to analyse performance, hormonal and metabolic data and milk 195 
composition of rabbit females from first to second parturition and litter weight 196 
throughout first lactation was a mixed model (PROC MIXED by SAS, Statistical 197 
Analysis System, 2002), in a repeated measure design that considered the 198 
variation between animals and covariation within them. Covariance structures were 199 
objectively compared using the Schwarz Bayesian criterion, as suggested by Littell 200 
et al. (1998). The model included the feeding programme (CAL, CR, F, FC and 201 
FCF), the overlapping between lactation and gestation (yes and no), the time 202 
(control levels for each trait) and their interaction as fixed effects. Random terms in 203 
the model included a permanent effect of each animal (p) and the error term (e), 204 
both assumed to have an average of zero, and variance σ2p and σ2e.  205 
To analyse the litter solid feed intake of litter during last week of first lactation, 206 
interval between first weaning to second parturition and litter data at second 207 
parturition, a general linear model was used (PROC GLM of SAS, 2002) that 208 
included the feeding programme (CAL, CR F, FC and FCF) and the overlap 209 
between lactation and gestation (yes and no).   210 
Different contrasts were computed to test the significance of the differences 211 





No significant differences among rearing feeding programmes for the evolution of 216 
females’ body weight were observed from first to second parturition (on av. 4 217 
10059 g). Figure 2 shows the evolution of the rabbit females’ feed intake from first 218 
to second parturition depending on the rearing feeding programme received. CAL 219 
group females presented significantly lower feed intake than females from groups 220 
F, FC and FCF during the first week of lactation (on av. 38.8 g DM/d; P<0.05). In 221 
addition, FCF females showed significantly higher feed intake compared to the rest 222 
of the groups during this first week (+65.9, +42.3, +29.5 and +36.5 g DM/d 223 
compared to CAL, CR, F and FC, respectively; P<0.05). From this moment to 224 
second parturition, differences in daily feed intake among groups disappeared, with 225 
the exception of F group, which showed the lowest values at the second week of 226 
lactation (on av. 29.4 g DM/d; P<0.05). In the whole period, FCF females had a 227 
significantly higher feed intake than CAL females (+19.77.4 g DM/d; P=0.0088). 228 
Figure 3 shows the PFT change in rabbit females throughout the first lactation and 229 
from first to second parturition. During first lactation, the PFT change in CAL group 230 
was not significantly different from zero (+0.02 mm PFT), while the other four 231 
groups increased PFT (on av. +0.44 mm; P<0.05). In fact, the PFT increase in CR 232 
during lactation was significantly higher in CAL females (+0.55 mm of PFT; 233 
P<0.05). From first to second parturition, CAL females showed a significantly 234 
different PFT change compared to FC females (–0.24 and +0.29 mm, respectively; 235 
P<0.05), while the other four groups kept PFT between parturitions.  236 
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Females’ milk yield during first lactation is shown in Table 12. On average, FCF 237 
females produced more milk than CAL and F females (+10 and +13 g/d, 238 
respectively; P<0.05). Weekly, FC and FCF females yielded more milk than F 239 
females at the second week (+22 g/d; P<0.05) and FCF females to CR and F 240 
females at the third week (on av. +18 g/d; P<0.05). Milk composition at days 4 and 241 
21 of first lactation is also presented in Table 2. Milk from CR females had more 242 
total solids (+4.6 and +2.7 g/100g at days 4 and 21, respectively; P<0.05) and 243 
lower ash contents (–0.22 g/100g at day 21; P<0.05) than the milk of the other four 244 
groups. At day 4 of lactation, F females produced less milk protein than FC and 245 
FCF (on av. 2.25 g/d; P<0.05) and less milk energy than FC (–0.21 MJ/d; 246 
P<0.05). However, at day 21 of lactation, milk of CR females had higher energy 247 
and protein content than FCF milk (+1.0 g/100g and +1.37 MJ/kg, respectively; 248 
P<0.05). 249 
 250 
Average content of blood plasma parameters in the rabbit females from first to 251 
second parturition is shown in Table 3. Interaction between rearing feeding 252 
programme and time was not significant for any blood plasma trait. There were no 253 
significant differences in the insulin, leptin and cortisol content among the 254 
experimental groups (on av. 16.03 UI insulin/mL, 2.95 ng leptin/mL and 4.6 g 255 
cortisol/dL). Plasma of FC blood had higher glucose than CAL and FCF (+19.0 and 256 
+16.3 mg/dL, respectively; P<0.05). Plasma of females fed with F diet during 257 
rearing (F, FC and FCF) had lower NEFA content than those with C diet (–0.088 258 
and –0.072 mmol/L compared to CAL and CR, respectively; P<0.05). Particularly, 259 
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NEFA content was the lowest in F females and the highest in CAL females 260 
(P<0.05). Finally, plasma T3 content of the CAL, CR and FCF blood were 261 
significantly higher than for FC (on av. +0.43 mmol/L; P <0.05). 262 
 263 
Table 4 shows the performance traits of litters during the first lactation. No 264 
significant differences were observed in litter mortality. After litter size 265 
standardisation at birth, no significant differences in litter weight at 1st, 7th and 14th 266 
day of lactation were observed. However, FCF litters had significantly higher 267 
weight than F litters at day 21 of lactation (+247 g; P<0.05). On the contrary, the 268 
FCF litter had significantly lower weight than FC litters at weaning (+170 g; 269 
P<0.05). No significant differences among groups were observed for litter feed 270 
intake during the last week of lactation. 271 
 272 
Finally, the reproductive performance of rabbit females at second parturition 273 
according to rearing feeding programme is described in Table 5. CR females had 274 
the shortest interval between the first and second parturition (49 days), significantly 275 
different from that obtained for FCF females (–9 days; P<0.05). F females had a 276 
significantly higher number of kits born alive at second parturition compared to FCF 277 
females (+2.22 kits; P<0.05), probably due to the lower mortality at birth of F litters 278 
compared to FCF (–16.5 percentage points; P<0.05), but also compared to CR (–279 
20.8 percentage points; P <0.05). Consequently, F litters had a significantly higher 280 




The interest of specific rearing feeding programmes mainly lies in providing 284 
adequate resources to correctly cover the females’ requirements (maintenance, 285 
growth and gestation), avoiding possible deficits or excesses (Pascual et al., 286 
2013). A good rearing programme choice should promote an adequate 287 
physiological and reproductive development of the females, which should allow a 288 
good start to their reproductive life (Martínez-Paredes et al., 2012); but it should 289 
also improve the way they obtain and use the available resources, which could 290 
have positive effects on their reproductive capacity and lifespan (Martínez-Paredes 291 
et al., 2018). In our previous work (Martínez-Paredes et al., 2012), we described 292 
the effects of these same rearing programmes on the development of young rabbit 293 
females up to the first parturition. In that study, we observed that programmes 294 
based on feed restriction or fibrous diets reduced the risk of early death in females 295 
and led to achieving an adequate weight and fat mass at first AI, a reserve that 296 
was further used to ensure reproduction. On this basis, the present work was 297 
focused on how these rearing programmes could also have modified the way 298 
females acquire and use the resources available during their first reproductive 299 
cycle. 300 
In order to better understand the effects observed from first to second parturition 301 
depending on the feeding programme applied during rearing, we decided to 302 
discuss each of the feeding programmes separately, to achieve a better view of the 303 
evolution of the rabbit females, with results from the previous work (Martínez-304 
Paredes et al., 2012) as starting point. 305 
In the previous work, CAL females were characterised by an overweight at the first 306 
AI and a smaller litter size at first parturition. As in previous works (Nizza et al. 307 
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1997; Pascual et al., 2002), we observed that females’ ad libitum fed with a non-308 
fibrous diet showed significantly lower feed intake during the first lactation, 309 
especially during the first weeks. Excessive overweight during the first gestation 310 
has been associated with a reduction in feed intake late in pregnancy, which 311 
seems to be maintained at least during the onset of the first lactation (Pascual et 312 
al., 2002 and the present work), as differences disappeared thereafter. As a 313 
consequence of their reduced ability to obtain resources, CAL females showed the 314 
lowest milk output and PFT recovery during first lactation. Blood metabolites 315 
confirmed this acquisition and use pattern, with CAL females showing both the 316 
lowest glucose and the highest NEFA and T3 concentrations in plasma, in 317 
agreement with previous works (Savietto et al., 2014; Arnau-Bonachera et al., 318 
2018). Although the reduced resources acquisition in first lactation did not affect 319 
the reproductive performance of the CAL females at second parturition, the use of 320 
this rearing programme may lead primiparous females to suffer a higher negative 321 
balance in their body condition, with their possible associated risks in the long term 322 
(Pascual et al., 2013). 323 
During rearing, CR females accomplished their performance goals, achieving an 324 
adequate energy feed intake and body reserves balance, without affecting fertility 325 
and litter size at first parturition. In the present work, restriction during the rearing 326 
period allowed CR females to show a good body balance during first lactation, 327 
which resulted in an improvement in fertility and a reduction in the interval between 328 
parturitions. Moreover, we reported no relevant differences in the ability to acquire 329 
resources or to use them to produce milk yield when compared to CAL females.  330 
Similarly, Bonnano et al. (2004) did not find differences in milk yield between 331 
 15 
females restricted and ad libitum fed during the rearing period. In fact, the plasma 332 
metabolites profile was similar to that of the CAL group, characterised by low 333 
glucose and high NEFA and T3 levels compared to Fs groups. As is well known, 334 
rich starch diets promote insulin sensitivity, and consequently glucose infusion rate 335 
(Daly et al., 1997). However, the shortest interval between parturitions had 336 
negative consequences on the body reserves recovery time, which could also 337 
explain the high levels of NEFAs and T3 in CR females. These levels denote a 338 
greater mobilisation of the acquired reserves, which may be behind the high 339 
mortality at birth observed among the litters of CR females at the second 340 
parturition.  341 
 342 
In our previous paper, F diet allowed young females to increase their intake 343 
capacity already during the rearing period, without any noticeable negative 344 
consequence on the reproductive outcomes at first parturition. As a consequence 345 
of these effects, most works (Nizza et al. 1997; Xiccato et al., 1999; Pascual et al., 346 
2002) have observed an increase in feed intake during first lactation when females 347 
were fed with high-fibre diets, compared to commercial diets given ad libitum, 348 
during the rearing. In the present work, F females only showed higher feed intake 349 
during the first week of lactation compared to CAL females, but quite similar to CR 350 
females during the first lactation. In any case, receiving a poor diet (rich in fibre and 351 
low in starch) throughout rearing may have induced physiological changes in how 352 
females may address the acquired resources to the different life functions. 353 
Friggens et al. (2011) proposed that the nutritional environment may slightly affect 354 
gene expression and thus genetically driven partition of nutrients to the different life 355 
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functions. Therefore, although the F and CR females showed similar resources 356 
acquisition and body condition during first lactation, the metabolism of the F 357 
females seems to be less dependent on the body reserves to ensure reproduction 358 
(lower NEFA levels to CAL and CR groups). In fact, the discrete lower feed intake 359 
observed at the second week of lactation in F females, and their possible tendency 360 
to safeguard reserves, had as consequences both low milk delivery and low 361 
effectiveness in the insemination at that week. Perhaps the females’ safeguarding 362 
of reserves could also be behind the larger litter size and lower mortality at second 363 
parturition of F litters. In fact, Martínez-Paredes et al. (2018) described long-term 364 
reduced numbers of stillborn and offspring that died during lactation in females fed 365 
with a F diet during rearing. 366 
In our previous work, F females that were changed to C diet at two weeks before 367 
first AI (FC) showed higher energy intake from that moment onwards and, as a 368 
consequence, higher body reserves than F females at the first AI, but similar 369 
performance at the first parturition. This feeding programme allowed FC females to 370 
show similar feeding and body reserves patterns during the first lactation to that 371 
obtained with the F programme, as well as to undergo a similar homeorhetic 372 
change to safeguard their body reserves. However, earlier introduction of C diet 373 
could have led to additional changes in the females’ metabolism and improved 374 
adaption to the reproductive feed. This fact can be shown by the promotion of milk 375 
metabolism (higher plasma glucose level, milk energy and protein delivery and 376 
litter performance) compared to maintenance (reduced T3 level) from similar 377 
available resources, especially at the onset of lactation. This preferential use of the 378 
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energy intake for milk may explain why the litter performance observed at the 379 
second parturition for F females was not achieved by the FC females. 380 
Finally, in our previous work, F females fed with a flushing with C diet around first 381 
AI (16 to 20 weeks of age; FCF) had the best performance litter traits at first 382 
parturition. As a consequence of the larger litter size at birth and/or the adequate 383 
feeding management during rearing period, FCF females did achieve one of the 384 
main goals proposed for these programmes, an increase in the ingestion capacity 385 
during the first lactation (Pascual et al., 2013). FCF females showed the highest 386 
feed intake observed during the first lactation, even compared to F females during 387 
the first two weeks. Although PFT evolution and plasma energy metabolites were 388 
not much different from that observed for the other F groups, the higher feed intake 389 
observed in FCF was directly addressed to a clear increase in milk yield and litter 390 
growth until the third week of lactation. However, diverting the acquired energy 391 
mainly to lactation came with some costs, such as a longer interval between 392 
parturitions and the lowest number of kits born alive at the second parturition. In 393 
this sense, some previous works have also observed that the use of F diets during 394 
rearing has been associated with an increased feed intake and milk yield during 395 
lactation of both primiparous and multiparous females (Nizza et al.,1997), but no 396 
negative effects on litter performance at birth have been described in the long term 397 
(Nizza et al.,1997; Pascual et al., 2002; Martínez-Paredes et al., 2018). 398 
 399 
Conclusions 400 
The results of the present work have confirmed that the possible overweight at the 401 
end of the rearing period ofwhen young rabbit females ad libitum fed with 402 
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reproductive commercial diets during the rearing period seems to have negative 403 
consequences, not only at first parturition but also until the second parturitionin the 404 
middle term. This ad libitum programme decreases primiparous females’ ability to 405 
obtain resources and leads them to suffer possible negative body balances, which 406 
could be associated with the long-term risks frequently described for these rearing 407 
programmes. With this programme, tThe restriction of these reproductive diets 408 
during rearing to avoid the cited overweight, although it did not increase the ability 409 
of primiparous females to obtain resources, led females to a better energy balance. 410 
As an alternative, three different rearing programmes based on the use of a high-411 
fibre low-energy diet have been proposed. In a previous work, Martínez-Paredes et 412 
al. (2012) demonstrated the interest of these fibrous programmes for improving 413 
health, body condition and performance of nulliparous rabbit females. In this work, 414 
wWe have confirmed the usefulness of these fibrous programmes to increase the 415 
ability of primiparous females to obtain resources, especially at the onset of their 416 
first lactation and when a previous flushing was applied around first insemination. 417 
In addition, the use of these low-energy rearing diets seems to provoke 418 
homeorhetic and metabolic changes in females’ resources use, which enables 419 
females to be less dependent on their body reserves for reproduction. In this way, 420 
the additional feeding intake was mainly addressed to milk yield, and although the 421 
greater lactational effort could affect next litter size at birth, other works have 422 
confirmed that fibrous rearing programmes do not seem to have effects on 423 
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Table 1 Ingredients and chemical composition of experimental diets for rabbit 538 
females. 539 
 Diet C  Diet F  
   
Ingredient (g/kg)   
   
   Barley 312 78 
   Alfalfa hay 450 570 
   Sunflower meal 94 51 
   Soybean meal 85 - 
   Sugar beet pulp - 152 
   Cereal straw - 100 
   Soybean oil 30 10 
   HCl L-lysine, 780 2 3.9 
   DL-methionine, 990 - 0.85 
   L-threonine, 980 - 1.45 
   L-tryptophan, 980 1 1.5 
   L-Arginine, 990 - 4 
   Dicalcium phosphate 17 1.8 
   Monosodium phosphate - 16.5 
   Salt 5 5 
   Vitamin-mineral mixture1 4 4 
   
Chemical composition (g/kg DM)   
   
   Dry Matter (DM, g/kg) 899 900 
   Ash 90 103 
   Starch 205 63 
   Ether Extract 52 29 
   Crude Protein 179 146 
   Neutral Detergent Fibre 358 476 
   Acid Detergent Fibre 277 394 
   Acid Detergent Lignin 59 88 
   Gross Energy (MJ/kg DM) 18.24 18.67 
   Digestible Energy (DE; MJ/kg DM)2 11.03 8.72 
   Digestible Protein (DP; g/kg DM)2 114 88 
   DP/DE (g/MJ) 10.3 10.1 
 540 
1  Per Kg of feed: Vitamin A: 8 ,375 IU; Vitamin D3: 750 IU; Vitamin E: 20 mg; Vitamin K3: 1 541 
mg; Vitamin B1: 1 mg; Vitamin B2: 2 mg; Vitamin B6: 1 mg; Nicotinic acid: 20 mg; Choline 542 
chloride: 250 mg; Mg: 290 mg; Mn: 20 mg; Zn: 60 mg; I: 1.25 mg; Fe: 26 mg; Cu: 10 mg; Co: 543 
0.7; Butyl hydroxylanysole+ethoxiquin: 4 mg.  544 
2  In vivo determination of DE and DP was performed in Martínez-Paredes et al. (2012). 545 
  546 
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Table 1 Average milk yield (g/d) of rabbit females at first parturition according to rearing feeding programme.  547 
         
 Rearing feeding programme1   Contrasts2 
         
 CAL CR F FC FCF SEM P-value CALCR CALFs CRFs 
         
No. of litters 18 23 25 26 26         
Milk yield: 172a 174ab 169a 176ab 182b 5 0.0018 -2.4 ± 4.4 -4.3 ± 3.5 -1.9 ± 3.5 
  1st week 119 121 122 127 131 6 0.1512 -3 ± 9 -8 ± 7 -5 ± 7 
  2nd week   185ab   183ab  170a  192b  192b 6 0.0092 2 ± 9 1 ± 7 -1 ± 7 
  3rd week   208ab  204a 206a   212ab  223b 6 0.0221 4 ± 9 -6 ± 7 -10 ± 7 
  4th week 175 187 178 175 181 6 0.1443 -13 ± 9 -4 ± 7 9 ± 7 
1 Rearing feeding programme: CAL group received the C diet ad libitum until first parturition; CR group received the C diet ad libitum until 12 weeks 548 
and then, 140 g/day until first parturition; F group received the F diet ad libitum until first parturition; FC and FCF group received F diet ad libitum 549 
until 16 weeks and then, FC group received the C diet ad libitum until first parturition and FCF group the C diet ad libitum until 20 weeks and then 550 
the F diet ad libitum until first parturition. 551 
2 Fs: 1/3[F+FC+FCF]; meanstandard error. 552 
SEM: Pooled standard error of the means. 553 
a,b Means within a row not sharing any superscript are significantly different at P<0.05. 554 
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Table 2 Average milk yield and composition of rabbit females at 4th and 21st day of lactationfirst lactation according to 555 
rearing feeding programme.  556 
 
  Rearing feeding programme1 Contrasts2 
 
Day of lactation CAL CR F FC FCF SEM P-value CALCR CALFs CRFs 
         
No. of females 18 23 25 26 26         
Milk yield: 172a 174ab 169a 176ab 182b 5 0.0018 -2.4 ± 4.4 -4.3 ± 3.5 -1.9 ± 3.5 
  1st week 119 121 122 127 131 6 0.1512 -3 ± 9 -8 ± 7 -5 ± 7 
  2nd week   185ab   183ab  170a  192b  192b 6 0.0092 2 ± 9 1 ± 7 -1 ± 7 
  3rd week   208ab  204a 206a   212ab  223b 6 0.0221 4 ± 9 -6 ± 7 -10 ± 7 
  4th week 175 187 178 175 181 6 0.1443 -13 ± 9 -4 ± 7 9 ± 7 
 
Day of lactation         
          
Day 4 No. of females 12 12 11 11 12    
 Total solids (g/100g) 31.9a 36.4b 32.7ab 31.6a 31.0a 1.5 0.0185 -4.5 ±2.1* 0.2 ±1.6 4.6 ±1.9* 
 Ash (g/100g) 1.65a 1.73ab 1.71ab 1.68a 1.85b 0.07 0.0186 -0.08 ±0.11 -0.10 ±0.07 -0.02 ±0.10 
 Protein (g/100g) 10.7 10.7 10.9 10.6 11.1 0.3 0.1816 0.0 ±0.4 -0.2 ±0.3 -0.2 ±0.4 
 Protein (g/d) 13.2ab 12.9ab 12.1a 14.3b 14.4b 0.8 0.0383 0.4 ±1.1 -0.4 ±0.8 -0.7 ±1.0 
 Energy (MJ/kg) 8.92 8.93 9.33 9.01 9.02 0.45 0.4664 0.02 ±0.76 -0.21 ±0.45 -0.19 ±0.70 
 Energy (MJ/d) 1.09ab 1.12ab 1.00a 1.21b 1.16ab 0.07 0.0171 -0.03 ±0.11 -0.04 ±0.06 -0.01 ±0.10 
 
Day 21 No. of females 12 12 11 11 13    
 Total solids (g/100g) 28.3a 32.1b 30.4ab 30.1ab 28.7a 0.09 0.0056 -3.7 ±1.3* -1.4 ±0.9 2.3 ±1.1* 
 Ash (g/100g) 2.12b 1.86a 2.07b 2.04b 2.07b 0.05 0.0013 0.26 ±0.08* 0.06 ±0.06 -0.20 ±0.07* 
 Protein (g/100g) 10.6ab 11.1b 10.8ab 10.4ab 10.1a 0.3 0.0435 -0.4 ±0.5 0.2 ±0.4 0.6 ±0.4 
 Protein (g/d) 21.8 19.9 21.5 21.3 20.7 0.9 0.1798 1.9 ±1.4 0.7 ±1.1 -1.3 ±1.2 
 Energy (MJ/kg) 8.52ab 9.47b 8.77ab 8.71ab 8.10a 0.36 0.0141 -0.95 ±0.54 -0.01 ±0.39 0.94 ±0.47* 
 Energy (MJ/d) 1.75 1.71 1.74 1.77 1.66 0.09 0.3112 0.05 ±0.12 0.03 ±0.09 -0.01 ±0.11 
1 Rearing feeding programme: CAL group received the C diet ad libitum until first parturition; CR group received the C diet ad libitum until 12 weeks 557 
and then, 140 g/day until first parturition; F group received the F diet ad libitum until first parturition; FC and FCF group received F diet ad libitum 558 
Formatted Table
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until 16 weeks and then, FC group received the C diet ad libitum until first parturition and FCF group the C diet ad libitum until 20 weeks and then 559 
the F diet ad libitum until first parturition. 560 
As defined in Table 1. 561 
2 Fs: 1/3[F+FC+FCF]; meanstandard error. * Contrast significant at P<0.05. 562 
SEM: Pooled standard error of the means. 563 
a,b Means within a row not sharing any superscript are significantly different at P<0.05.   564 
  565 
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Table 3 Average blood plasma insulin, glucose, non-esterified fatty acids (NEFA), leptin, cortisol and tri-iodothyroxine (T3) 566 
concentrations in rabbit females from first to second parturition according to rearing feeding programme. 567 
              
 Rearing feeding programme1 Contrasts2 
           
 CAL CR F FC FCF SEM P-value CALCR CALFs CRFs 
              
No. of females 12 12 12 12 12         
Insulin (UI/mL) 15.67 18.29 14.82 15.92 15.46 2.67 0.3616 2.62 ± 3.78 0.27 ± 3.02 2.89 ± 3.14 
Glucose (mg/dL) 90.8a 93.9ab 95.0ab 109.8b 93.5a 5.5 0.0191 3.1 ± 7.8 8.6 ± 6.3 5.5 ± 6.5 
NEFA (mmol/L) 0.653c 0.637bc 0.515a 0.590b 0.590b 0.024 0.0001 0.015 ± 0.034 0.088 ± 0.027* 0.072 ± 0.028* 
Leptin (ng/mL) 3.05 3.24 2.78 2.87 2.79 0.25 0.2007 0.19 ± 0.36 0.24 ± 0.28 0.43 ± 0.30 
Cortisol (g/dL) 4.31 4.61 4.59 4.47 4.82 0.32 0.2510 0.30 ± 0.45 0.31 ± 0.36 0.01 ± 0.37 
T3 (mmol/L) 2.81b 2.81b 2.56ab 2.40a 2.87b 0.11 0.0061 0.00 ± 0.16 0.20 ± 0.13 0.20 ± 0.13 
 
1 As defined in Table 12. 568 
2 Fs: 1/3[F+FC+FCF]; meanstandard error. * Contrast significant at P<0.05. 569 
SEM: Pooled standard error of the means. 570 
a,b,c Means within a row not sharing any superscript are significantly different at P<0.05.   571 
  572 
 27 
Table 4 Average weight, mortality and solid feed intake of rabbit litters in the first lactation according to rearing feeding 573 
programme. 574 
           
 Rearing feeding programme1   Contrasts2 
           
 CAL CR F FC FCF SEM P-value CALCR CALFs CRFs 
           
No. of Litters 18 23 25 26 26      
Litter Weight (g) at:           
 1st day of life3 531 534 538 536 512 51 0.7153 -4 ± 77 2 ± 64 5 ± 59 
 7th day of life 1 132 1 144 1 173 1 180 1 218 74 0.4182 -12 ± 107 -58 ± 88 -46 ± 85 
 14th day of life 1 924 1 963 1 871 1 967 2 034 74 0.1181 -39 ± 107 -33 ± 89 5 ± 86 
 21st day of life 2 657ab 2 686ab 2 553a 2 748ab 2 800b 75 0.0191 -29 ± 107 -44 ± 89 -15 ± 86 
 28th day of life (weaning) 4 466ab 4 456ab 4 441ab 4 489b 4 319a 52 0.0203 9 ± 78 49 ± 66 40 ± 60 
           
Mortality (%) 5.1 7.3 4.5 4.2 5.9  0.62674    
              
Feed intake from 21st to 28th days of 
life (g/day) 
69.0 69.8 81.1 71.0 81.1 5.2 0.0718 -0.9 ± 7.7 -9.3 ± 6 -8.4 ± 6.1 
1 As defined in Table 21. 575 
2 Fs: 1/3[F+FC+FCF]; meanstandard error. 576 
SEM: Pooled standard error of the means. 577 
3 Litter size standardised at nine pups. 578 
4 Probability of Chi-Square. 579 
a,b Means within a row not sharing any superscript are significantly different at P<0.05.   580 
 28 
Table 5 Average reproductive performance of rabbit females at second parturition according to rearing feeding 581 
programme. 582 
           
 Rearing feeding programme1   Contrasts2 
           
 CAL CR F FC FCF SEM P-value CALCR CALFs CRFs 
           
No. of females 18 23 25 26 26      
Interval 1st to 2nd parturition (days) 52.53ab 49.22a 57.52ab 51.52ab 58.04b 3.22 0.0429 3.31 ± 4.72 -3.17 ± 4.01 -6.48 ± 3.57 
Litter size at birth:           
 Total born 10.63 10.75 10.35 9.39 9.52 0.62 0.1334 -0.13 ± 0.97 0.87 ± 0.78 1.00 ± 0.75 
 Born alive 7.58ab 7.44ab 9.30b 7.69ab 7.08a 0.82 0.0389 0.15 ± 1.28 -0.44 ± 1.02 -0.58 ± 0.99 
 Mortality at birth (%)3 26.75ab 31.91b 11.07a 16.25ab 27.52b 6.12 0.0328 -5.17 ± 9.58 8.03 ± 7.66 13.20 ± 7.40 
Litter weight at birth (g):           
 Total born 566 577 555 539 536 31 0.1762 -11 ± 47 27 ± 38 39 ± 36 
 Born alive 419ab 408ab 515b 448ab 377a 43 0.0155 11 ± 67 -28 ± 54 -39 ± 52 
Individual weight at birth (g):           
 Total born 56.87 54.94 54.34 60.39 56.34 2.78 0.0803 1.94 ± 4.31 -0.30 ± 3.46 -2.23 ± 3.34 
 Born alive 57.59 55.16 55.92 61.31 57.66 2.97 0.1314 2.42 ± 4.81 -0.91 ± 3.59 -3.33 ± 3.88 
1 As defined in Table 2.1 583 
2 Fs= 1/3(F+FC+FCF); meanstandard error. 584 
SEM: Pooled standard error of the means. 585 
3 Interaction feeding programme x overlapping degree was significant at P<0.01. 586 
a,b Means within a row not sharing any superscript are significantly different at P<0.05. 587 
 588 
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Figure captions  589 
 590 
Figure 1 Diagram of the different rabbit females’ feeding programmes carried out 591 
by the rabbit females from rearing to the second parturition for the 5  experimental 592 
groups .: (CAL group received the C diet ad libitum until first parturition, CR group 593 
received the C diet ad libitum until 12 weeks and then, 140 g/day until first 594 
parturition, F group received the F diet ad libitum until first parturition, FC and FCF 595 
group received F diet ad libitum until 16 weeks and then, FC group received the C 596 
diet ad libitum until first parturition and FCF group the C diet ad libitum until 20 597 
weeks and then the F diet ad libitum until first parturition. (* flushing 4 days before 598 
artificial insemination.; C: C diet ad libitum; CR; C diet restricted at 140g per day; F: 599 
F diet ad libitum; AI1: effective 1st artificial insemination; AI2: effective 2nd artificial 600 
insemination; wk: weeks of ageCAL, CR, F, FC and FCF). 601 
 602 
Figure 2 Daily feed intake of rabbit females from first to second parturition 603 
according to the rearing feeding programme (abbreviations as in Figure 1). All the 604 
animals, independently of the rearing programme, were fed with the same feed 605 
(diet C) from first to second parturition. Bars not sharing any superscript are 606 
significantly different at P<0.05. 607 
 608 
Figure 3 Perirenal fat thickness changes of rabbit females during whole lactation 609 
and from first to second parturition according to the rearing feeding programme 610 
(abbreviations as in Figure 1). Bars not sharing any superscript are significantly 611 
different at P<0.05. 612 
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 Tables 
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Letter in Editorial Manager. 
 
Figure 1 Click here to access/download;Figure;3. Figure 1.3.tiff
Figure 2 Click here to access/download;Figure;4. Figure 2.2.tiff
Figure 3 Click here to access/download;Figure;5. Figure 3.2.tiff
